AKIND OF CAPSULE PATTERN ENDOSCOPIC 
Field of the invention 

The present invention relates to a device of endoscope. More specifically, the 
invention relates to a kind of capsule pattern endoscope. 
Background of the invention 

Generally, a miniature consists of two parts: intelligent capsule and image receiving 
device. Shaped hke a pill capsule, the intelligent capsule is used for swallowing. It cannot 
only reach deep into the intestinal tracts inaccessible to traditional encoscopes, but also 
causes less pain to the patients when compared with traditional endoscopes. The intelligent 
capsule consists of the following parts: image information acquiring device, image signal 
transmitting device, light source, power source and outer shell, among which the image 
information acquiring device includes image sensor & lens optical system and the image 
signal transmitting device includes microwave transceiver and antenna. After entering the 
body, the intelligent is pushed to move inside the body by human muscle organization like 
foods to take pictures of interior of the body of parts where the capsule passes by along the 
way, which are sent out of himian body digitally via the radio, received, stored and 
displayed by the image receiving device to complete examination of human body. Due to 
special use environment of these capsule pattern endoscopes, high requirements are 
imposed on its size and it is technically difficult to achieve small size and high 
performance using conventional electronic design and processing method. In limited 
internal space, with smaller circuit boards and components, higher requirements are 
imposed on integration of the components, which is bound to result in increased technical 
complexity and difficulty in design and manufacturing. In addition, due to very large data 
quantity of the pictures taken, for instance, the data quantity of a 100000-pixel real-color 
image is about 200000 bytes (one byte includes 8 binaries) , approximately 1.6Mbit; 
When transmitting using IM-bit rate radio communication device, it takes about 2 seconds 
to finish transmitting a 100000 -pixel real-color image. And presently, to complete one 
examination, it is necessary to take more than 20000 pictures, which will take a lot of 
communication time for sending the pictures taken and consume plenty of electricity 
during the conmiimication process. 



1 



Siumnary of the invention 

The present invention offers a new type of capsule pattern endoscope to overcome 
shortcomings of above existing technologies; through reasonable structure arrangement, 
the internal volume of the capsule is greatly reduced. 

The technical proposal to realize the above invention is: a type of capsule pattern 
endoscope, including intelligent capsule and image receiving device; the intelligent capsule 
includes outer shell and image information acquiring device located inside the outer shell, 
image signal processing and transmitting device, light source, power source and the image 
information acquiring device includes image sensor and lens optical system and its 
characteristics is that there is PCB structure on the outer shell of the intelligent capsule. 

The PCB structure may have one layer or multiple layers and may be provided with 
an additional bracket when necessary to support and fix the PCB structure. 
Components or component set of the intelligent capsule are installed on the PCB or the 
bracket supporting the PCB. said components or component set include image information 
acquiring device, image signal transmitting device, light source and power source or 
certain components of the above devices, like controller dominated by CPU provided on 
the PCB, image processor, radio transreceiving signal processing chip or antenna 
component. The above devices may be separately or integrated provided. 

The above components are integrated together with the outer shell, thus greatly 
reducing difficulty in manufacturing the system and meeting the systematic requirements 
of the system in a simple and practical manner. 

The above PCB may be soft PCB and be provided with a bracket that can support 
the outer shell. After welding of the components or component set to the surface of the soft 
PCB, bend the PCB into the desired shape of outer shell. 

Said PCB may be drum-type PCB with components or component set welded to the 
outer surface of the drum-type PCB and provided with protection layer externally. 

In comparison with existing technologies, the beneficial effects of this invention are 
manifested in the following aspects: 

l.The present invention, through use of larger surface area of the capsule pattern 
endoscope, greatly increases the internal available space, which means that more batteries 
can be carried or more fimctions can be provided. 
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2.The present invention uses outer shell to design and manufacture the circuit and its 
components so that the both requirements for integration of system components and 
technical complexity in designing and manufacturing are decreased, therefore making it 
more easier to design and manufacture the device. 

As a further improvement of the invention, an image compression processor is 
provided insaid image signal processing device; a microwave transceiver that sends the 
compressed image data and controls image data is provided in the image 
signal-transmitting device. 

The aforesaid image compression processor includes image compression device and 
image cutting device and may use any existing compression processing technologies. 

The image compression processor in the outer shell may perform data compression of 
the pictures taken and use the microwave transmitter to transmit data of the compressed 
image to the external radio image receiving device, therefore greatly reducing power 
consumption during the data transmission process. 

In this invention, the image-cutting device has the function of window cutting, 
capable of transmitting images of the entire window or transmitting images of small 
windows. For instance, the camera may take pictures of 1000*1000 pixels; through use 
of window cuttiag function of the image cutting device, only a small image of 200*200 
pixels is taken from the unage of 1000*1000 pixels and transmitted via radio under normal 
use conditions, whereas the entire image of 1000*1000 pixels is transmitted when 
performing examination of key areas. This can greatly reduce the data quantity of radio 
transmission and in the meanwhile ensure effects of examination of key areas. 

The image compression processor also includes image compression rate adjusting 
device, which has the function of adjusting compression rate of original pictures taken, for 
instance, compression rate of compressing the data quantity of the image to 1/8 and 1/16 
and others of the original image. The higher the compression rate of image compression, 
the smaller the data quantity of the image after compression; the lower then compression 
rate of image compression, the larger the data quantity of image after the compression and 
the lower the resolution of the image. Under normal use conditions, the image processor 
adjusts the image compression rate to 1/16 and transmits the image data after compression 
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via radio; however, when performing examination of key areas, the image processor 
adjusts the image compression rate to 1/8 and transmits the image data after compression 
via radio. This can not only greatly reduce data quantity of radio transmission, but also 
ensure the effects of examination of key areas. 

Devices in the image compression processor can be provided separately or integrated; 
for instance, an integrated chip may be used to perform aU functions of the device. 

Compared with existing technologies, the beneficial effects of this invention are 
manifested as follows: this invention may use various advanced compression technologies 
to greatly reduce data quantity of the images, increase the transfer rate of images and 
reduce power consumption during the coromimication process through image compression. 
Take the compression of static image for example, the data quantity of a 100,000 pixel real 
color image is approximately 200000 bytes (one byte includes 8 binaries), which can be 
compressed to 1/10 of the original image data, namely, approximately 20000 bytes by 
means of compressing the original unage using JPEG2000. Again, take dynamic image 
compression for example; the data quantity may be reduced to 1/100 of its original value 
by means of compressing the image using MPEG4. And, data quantity of the original 
image may also be greatly reduced by means of damage-firee compression. Adequate 
utilization of various advanced compression technologies in designing of the new type of 
capsule pattern endoscope may overcome such shortcomings as low transfer rate of images 
and excessive power consumption encountered in existing similar systems. 

As further improvements of this invention, the image receiving device may be 
provided with external controller and the intelligent capsule may be provided with 
corresponding controller; the external controller sends microwave control commands to the 
intelhgent capsule and the controller intelhgent endoscope completes certain special 
actions, such as control of image compression rate, image cutting, light source and lens 
optical system, etc. 

The intelligent capsule is provided with a carrier capsule, which may have its valve, 
opened by the external controller so as to spray medicine to perform pathologic 
examination of the focus. 

Unit members located inside the capsule cavity may be integrated system 
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components as a whole or sub-part unit members may also be integrated. 
Brief description of the drawings: 

Figure 1 is schematic diagrams illustrating example 1 and 2 embodying the invention 

concept. 

Figure 2 is the structure schematic of PCB in example 1 and 2 . 
Figure 3 is the structure schematic of intelligent capsule in example 3 and 4 . 
Figure 4 is the structure schematic of image receiving device in example 3 and 4. 
Figure 5 shows the circuit schematic of image compression processor in example 3 
and 4. 

Number in the figures: 1 intelligent capsule 2 image receiving device 3 soft PCB 
4 component or component set 41 image compression processor 42 controller 
43 microwave transceiver 5 lens 51 lens accessories 6 image sensor 7 lamp 
8 internal capsule 9 outer shell 91 outer shell front cover 92 outer shell rear cover 
93 Main body 10 power source 11 carrier capsule 12 photographing capsule 13 
external image data processor 14 external controller 15 memory 16 display 17 
computer interface 1 8 power device 1 9 external microwave transceiver 

Description of the preferred embodiments: 

The invention will further be described with reference to the accompanying 
drawing: 

Example 1 

A device of capsule pattern endoscope includiag intelligent capsule and image 
receiving device. Intelligent capsule 1 includes image information acquiring device 2, 
image signal transmitting device, light source, power source and outer shell, the image 
information acquiring device mcludes image sensor 6 and lens optical system 5,51, the 
intelligent capsule has PCB structure 3 on its outer shell 9 and has components or 
component set 4 welded on the PCB. 

Refer to figure 1 and 2. The outer shell includes body 93, front cover 91 and rear 
cover 92, which combine to form the capsule cavity, has PCB structure and components or 
component set 4 directly welded on the PCB The components or component set 4 include 
controller 42 dominated by the CPU, image compression processor 41, microwave 
transceiving chip and antenna component 43,etc. 
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As is shown in the figure, fi-ont cover 91 is made using accessories of the transparent 
objective lens of lens 5 and image sensor 6, lamp 7 are provided in corresponding positions 
in front cover 91. 

Main body 93 and rear cover 92 may be separated from each other or integrated 
together. To achieve electromagnetic compatibility, it is possible to install the anteima 
component on rear cover 92. 

As is shown in figure, soft PCB 3 usually includes copper clad laminate, substrate and 
protective coating layer; required circuit etched on the copper clad layer using 
printing/etching technology is known as PCB in circuit board manufacturing technology, 
relevant components and component set 4 are directed welded on the outer or inner surface 
of the soft PCB 3, which can be rolled inward roughly into the drum or polygon column 
shape and installed on the bracket of the outer shell 

In this implementation example, design 13mm diameter main body 93 30mm in 
length, weld the component or component set 4 onto the soft PCB 3 and attach them to the 
bracket of the outer shell; as long as the circuit uses component with an area of 37mmX 
25mm or component set 4 sized smaller than the area and the number of component or 
component set does not exceed, it is possible to make sure that the soft PCB 3 can be rolled 
roughly into the drum shape. Under current technical conditions, the sizes of components 
necessary for the intelligent capsule are: controller: 3mm X 3mm X 1mm, microwave 
transceiving chip: 4mm X 4mm X 1mm, image compression processor: 3mm X 4mm X 1mm, 
components like resistor and capacitor: generally l.SmmX 0.6mmX 0.5mm; As long as the 
components are properly positioned, soft PCB 3 can be effectively rolled into main body 
93 in the drum shape. The image sensor, sized approximately 8.5mmX8mmX6mm, can 
be installed inside main body 93 and form the capsule pattern endoscope together with 
front cover 1 and rear cover 2. 

Example 2 

This implementation example is basically same as the above example except that 
main body of the outer shall is fabricated directly using column-shaped PCB. 

The method is: use the technology of PCB in special or irregular shape; take capsule 
pattern endoscope 13mm in design diameter and 30 mm in length, first mould press the 
PCB materials into 9mmX 9mm X 21mm hollow polygon column, etch printed circuit on 
the surface of the hollow polygon column into PCB in special or irregular shape, install 
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controller, image compression processor, microwave transceiving chip and antenna 
component on the outer surface and cover with a 13mm diameter round drum externally to 
as the protective layer to make main body 93, inside which lens 5, image sensor 6, lamp 7 
are installed and place power source structure in internal chamber 8. Image sensor 6, lamp 
7, outer shell main body 93, power source structure and other electronics structure 
connected together by means of lead wires to form the capsule pattern endoscope with 
front cover 9 1 and rear cover 92, 
Example 3 

Implementation example 3 differs from implementation example 1 in that image 
compression processor 41 is provided in the image information acquiring device and 
microwave transceiver 43 that sends compression image data and controls image data is 
provided in the image signal-transmitting device. 

The intelligent capsule 1 in this implementation example takes the shape of capsule, 
lens 5, lens accessory 51 and light 7 as the lens system are installed at the front end cover 
91 of the capsule, provided immediately adjacent lens 5 is image sensor 6, matching image 
sensor 6 is image compression processor 41, controller 42 and microwave transceiver 43 
that sends compression image data and controls image data. 

As is shown in figure 3, lens 5, image sensor 6 and lamp 7 are assembled together into 
the photographing device, inside which the components are combined together by means 
of welding, gluing or fastening. 

The capsule cavity shall also contain power source 10 and carrier capsule 11. Among 
these, power source 10 can be realized through battery or power can be supphed by means 
of transmitting radio wave for remote power supply using antenna, that is, use large power 
radio transmitter to transmit radio wave, which is received by the antenna in the capsule 
pattern endoscope, for which the charge pump (diode) obtains induced charge to form 
current power supply or store the current into the capacitor or rechargeable battery, which 
will then supply power. The carrier capsule 1 1 is an enclosed box with controllable capsule 
door, which opens or closes under the action of the controller to complete sampling or 
chemical feeding. 

In this implementation example, provided in the unit cii*cuit of the capsule cavity are 
image compression processor 41, controller 42 and microwave transmitter that sends 
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compression image data and controls data, among which image compression processor 41 
may perform damaging or damage-free compression of the images by means of hardware 
or compression software and the microwave transceiver 43 that sends compression image 
data and controls data is composed of microwave transceiving chip and supplementary 
antenna. 

The capsule pattern endoscope that can work is formed by connecting the aforesaid 
photographing component, image compression processor 41, controller 42, microwave 
transceiver 43 and power source 10 together, installing said components and carrier 
capsule 11 into the photographing capsule 12 and then connecting lens accessory 3 of the 
lens with the front part of the photographing capsule 12 Jn this implementation example, 
lens 5, image sensor 6, image compression processor 41 are enclosed and integrated 
together into a component, for instance, ADCM-2650 component. 

In this implementation example, the supplementary image-receiving device is shown 
in figure 2. Image receiving device 2 includes microwave transceiver 20 that receives 
compression data and control signal transmitted by the microwave, image data processor 
13, external controller 14, memory 15, display 16, computer interface 17 and power device 
18; the unit circuits are provided inside the external shell 9 and connected with each other 
by means of lead wires. 

Power source structure 10 in capsule pattern endoscope 1 supplies power to the 
components via lead wires. Controller 8 is connected with the components by means of 
lead wires to send control commands to the components. Under the control of controller 8, 
image sensor 5 takes pictures via objective lens accessory 5 and lens 7 under the light of 
lamp 7, image data are outputted to the image compression processor 41 via the lead wire 
for image compression, the compressed image data are outputted to microwave transceiver 
9 of the compression image data and control data via lead wires for transmitting out of 
human body and image receiving device 2 receives, stores, decompresses and displays the 
compression image data to complete examination of interior of human body. Also, the 
external image receiving device 2 may send microwave control commands via intelligent 
capsule 1 to controller 42, requesting the capsule pattern endoscope to complete certain 
special actions, for instance, to stop or start photohraphing, etc. 
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As is shown in figure 3, image sensor U2 uses low power consumption CMOS sensor, 
for instance, type MI—SOC— 0133 or T5740; Image compression compressor Ul includes 
image compression device, image processing device, image cutting device and image 
compression rate adjusting device. Image compression processor Ul uses high speed micro 
power consumption CPU processor, for instance, ARM processor to realize functions of 
the above devices via software or may use ACIS hardware or DSP chip to reahze fimctions 
of the device via software. 

Image compression device: image compression is performed inside image 
compression processor Ul, which performs compression computation of image data stored 
in its internal RAM under the control of programs and stores the compressed image data 
into the internal RAM. 

Image processing device: under the control of programs, image compression processor 
Ul generates various time sequences and control commands required by image sensor U2, 
which are sent to corresponding pins of US via I/O pin so that U2 may operate in the 
specified manner and outputs image format time sequence via data output time sequence 
control line of U2 as well as image data via the data output line of U2. In the meanwhile, 
image compression processor Ul receives image format time sequence outputted by data 
output time sequence control line of image sensor U2, receives image data outputted by 
data output line of image sensor U2 under the control of the time sequence and stores the 
data stream into the RAM inside image compression processor Ul to complete acquiring 
the image data. 

Image cutting device: provided in image sensor U2. When it is necessary to perform 
the cutting operation, the controller (the controller may be image compression processor 
Ul) writes cutting data into the cutting register in image sensor U2 via the lead wires 
connecting image sensor U2 and the controller, which works together with a data comparer 
to compare image data and give the image data after cutting. For instance, the picture taken 
by image sensor is 1000 (row) *1000 (colimm) pixel original image; When it is 
necessary to cut the image, for instance, it is possible to write cutting data 200 mto the 
'row' comparison register of the cutting register and cutting data 300 into the 'column' 
register of the cutting register. Then, each pixel data of image taken by U2 is compared 
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with cutting data stored in 'row', 'column' registers of the cutting register via the data 
comparer; when the row data of the pixel in the image is greater than 200 or the column 
data is greater than 300, the pixel is abandoned; when the row data of pixel in the image is 
greater, only small image of 200 (row) ^^300 (column) pixels remains in the image when 
such handling of the entire image is completed, therefore, completing cutting of the image. 
In addition, tihie image-cutting device may be provided in the controller and the action 
process is the same as mentioned above. 

Image compression rate adjusting device: the device is provided in image 
compression processor Ul . When it is necessary to adjust image compression rate, the 
controller (the controller may be image compression processor Ul) writes new 
compression rate data into the compression magnitude control register in image 
compression processor Ul via the lead wire connecting the image compression processor 
Ul and the controller. For instance, if the original compression magnitude data is 8. The 
compression circuit inside the image compression processor compresses the data quantity 
of the unage to approximately 1/8 of the data quantity of the original image according to 
compression magnitude data S.And, when it is necessary to make adjustments of image 
compression rate, write new compression rate data 16 into the compression magnitude 
control register and the compression circuit inside the image compression processor will, 
according to compression magnitude data 16, compresses the data quantity of the image to 
approximately 1/16 of the data quantity of the origmal image, therefore achieving 
adjustment of the compression rate. 

Image transmitting device: Ul is connected to the pin corresponding to JPl via the pin 
corresponding to the series equipment interface and controls JPl to send out the 
compressed image data stored m the RAM inside Ul via radio. 

Microwave transceiver JPl that transmits compression unage data and controls image 
data uses micro power consumption microwave communication chip, for instance, 
ANTEMsfA. Standard connection method is sampled among Ul, U2 and JPl. 
Operating process of the system: 
1 . The image sensor receives control commands via the series mterface, Ul controls 
data line SDA via I/O pin, and clock line SCL sends commands to the interface to set the 
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operating mode of U2 . 

2. U1 outputs control time sequence under the control of software and control and time 
sequence signal to the control line via I/O pin, which includes control line ADC, control 
line RESET, control line STY, synchronization time sequence input control line MCLK, 
via which I/O pin of Ul outputs control time sequence to enable U2 to operate. 

3. After U2 starts to operate, Ul controls U2 data output enabling control line 
OUT-EN via I/O pin to output image data to data line. 

4. U2 outputs 'format time sequence of image signal' via data output time sequence 
control line, pixel time sequence line PCLK, row time sequence line UvD, frame time 
sequence line FVD, and field time sequence line SZH. 

5. Ul receives 'format time sequence of image signal' from I/O pin via corresponding 
time sequence control line and image data outputted by U2 via data line DO-07 under the 
control of format time sequence and stores the data into register RAM inside UL 

6. After Ul receives data of a complete image according to format time sequence 
outputted by U2, Ul controls U2 via control line STY so that U2 stops working 
temporarily. 

7. Ul shifts to cutting and compression handling program under the control of 
program; for image data stored in the internal RAM, the compression processor performs 
operations in accordance with data currently written into the image cutting register and 
image compression rate register, for instance, perform cutting operation on the image 
according to data in the cutting register, carry out compression computation according to 
data in the image compression rate register and then stores the treated image data into the 
internal RAM to complete cutting and compression of the image. 

8. Ul controls JPl to start to work via control line SPISEN of the series equipment 
and transmits the data of the compressed image to JPl via its main output line MOSI, 
main input hne MISO and main clock line SPICLK, which will then send out the image 
data via radio to complete the work. 

9. Handle the next image under the control of Ul . 

10. The system operates continuous in the aforesaid mode. 
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Example 4 

In this implementation example, the setting of the capsule outer shell is identical to 
that of implementation example 2 and the internal setting is identical to that of 
implementation example 3 . 
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